1. Introduction {#s0005}
===============

Colon cancer constitutes the third most commonly detected cancer throughout the world and efforts have been put constantly to control its growth and progression. Despite the development of new treatment strategies the rate of mortality in colon cancer patients is very high ([@b0070]). Initially, colon cancer has been treated mainly using 5-fluorouracil containing therapeutic strategies. However, the rate of response in the patients was found to be less than 20% which demands for development of new and effective strategies ([@b0025]). The failure of 5-fluorouracil to prevent colon cancer has been attributed to the development of resistance ([@b0075]). Studies have revealed that increased uptake of fruits and phytochemicals facilitates the prognosis and reduce the harmful effects of colon cancer ([@b0005]). Colon cancer growth is inhibited by various biological active molecules through alterations of various pathways ([@b0065]). Taking into consideration the role of various molecules in colon cancer suppression, the phytochemical are being screened for the development of novel and more effective carcinoma treatment strategy.

Matrine is a very interesting molecule having formula C~15~H~24~N~2~O and is obtained by phytochemical investigation of the whole plant genus *Sophora*. In traditional Chinese medicine matrine great importance in the treatment of inflammatory diseases ([@b0040]). In addition, matrine has also been used for the treatment of virus induced hepatitis, neuropathic pain and cardiotoxicity induced by isoproterenol ([@b0055], [@b0035], [@b0020]). Furthermore, matrine exhibits inhibitory effect on the cancer growth in gastric carcinoma, rhabdomyosarcoma, acute myeloid leukemia and breast carcinoma ([@b0045], [@b0015], [@b0090]). Current study demonstrates the effect of matrine on cell viability and induction of apoptosis in colon cancer cells and tumor growth in mice xenograft model. Matrine treatment reduced the viability and induced apoptosis in colon cancer cells. It also inhibited tumor growth in mice HCT8 xenograft model.

2. Materials and methods {#s0010}
========================

2.1. Chemicals and reagents {#s0015}
---------------------------

Matrine and dimethyl sulfoxide (DMSO) were purchased from Sigma-Aldrich (St. Louis, MO, USA). The stock solution of matrine was prepared in DMSO and stored at −10 °C prior to use in the experiment.

2.2. Animals and ethics statement {#s0020}
---------------------------------

Thirty 6 week-old male BALB/c nude mice were obtained from the Experimental Animal Center of Xi\'an Jiaotong University (Xi\'an, China). The animals were adjusted to the laboratory conditions one week before the start of the actual experiment. Mice were maintained under 12 h of light and dark cycles and had free access to the food and water. All the experimental procedures were performed according to the guidelines of the Xi\'an Jiaotong University. The study was approved by the Animal Care and Use Committee of the Medical School of Xi\'an Jiaotong University.

2.3. Cell lines and culture {#s0025}
---------------------------

The HCT8 and HT29, colon cancer cell lines were purchased from the American Type Culture Collection (Rockville, MD, USA). The cells were cultured in Dulbecco\'s modified Eagle\'s medium (DMEM; Sigma-Aldrich) supplemented with 10% FBS, 2 mM glutamine, 100 U/ml penicillin, and 100 μg/ml streptomycin. The cells were maintained at 37 °C in a humidified atmosphere of 5% CO~2~ and 95% air.

2.4. MTT assay {#s0030}
--------------

Reduction of viability in HCT8 and HT29 colon cancer cells by matrine treatment was analysed using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT; Sigma-Aldrich, St. Louis, MO, USA) assay. HCT8 and HT29 colon cancer cells, seeded at a density of 2 × 10^6^ per well in 2 ml DMEM in 6-well plates (Nunc A/S, Roskilde, Denmark) were incubated for 24 h. Following incubation, the cells were treated with 1, 2, 3, 4 and 5 µM/ml concentrations of matrine for 12, 24, 48 and 72 h. Then to each of the well 50 µl MTT (5 µg/ml) solution was added and incubated was continued for 2 h. DMSO (100 µl) was put in each of the well and cells were incubated for 5 min more. The optical density (OD) was recorded for each well at 550 nm by using an EL800 Universal Microplate Reader (BioTek Instruments Inc., Winooski, VT, USA).

2.5. Analysis of apoptosis by flow cytometry {#s0035}
--------------------------------------------

Colon cancer cells after incubation with matrine were analysed for induction of apoptosis using Annexin V-FITC staining apoptosis detection kit (MBL). HCT8 and HT29 cells were distributed on tissue culture slides and left un-disturbed for 24 h for the attachment. The cells were incubated for 48 h with matrine followed by suspension in 500 µl of 1X binding buffer. Annexin V-FITC (5 µl) and propidium iodide (5 µl) were added to each of the dish and incubation was continued for 10 min under dark conditions. The stained cells were analysed using flow cytometry (BD FacsCalibur).

2.6. Cell cycle analysis {#s0040}
------------------------

The colon cancer cell lines, HCT8 and HT29 were seeded in 100 mm culture dishes at a density of 2 × 10^5^ cells per well. The cells were incubated for 48 h with matrine and then centrifuged for 15 min at 500*g*. Then the cells were rinsed in ice-cold PBS followed by fixing in 70% ethyl alcohol. The cells were twice washed with PBS and put in 300 µl PI/RNase Staining Buffer (BD Biosciences). FACScan was used for the analysis of cells in the various phases of cell cycle using laser excitation set at 480 nm.

2.7. Western blot analysis {#s0045}
--------------------------

HCT8 and HT29 colon cancer cells were incubated in DMEM medium supplemented with 2% FBS and matrine for 48 h. The cells were then lysed with RIPA buffer (Rockland, Gilbertsville, PA, USA) containing 5 µM AEBSF, 10 µM E-64, 1.5 µM aprotinin, 0.01 µM leupeptin and phosphatase inhibitors. Protein concentration was determined by RC/DC Bio-Rad assay kit (Bio-Rad Laboratories, Inc., Hercules, CA, USA) according to the instructions for user's. The protein samples were separated by electrophoresis on a 10% polyacrylamide-sodium dodecyl sulfate gel. The samples were then transferred onto a polyvinylidene fluoride membranes (Pall Corporation, Port Washington, NY, USA). The non-specific sites on the membranes were blocked by incubation with skimmed milk in Tris-buffered saline containing 0.1% Tween-20. The membranes after PBS washing were incubated with primary antibodies for overnight. The antibodies used were against β-actin, p53 (monoclonal), phospho-H3 (monoclonal), cyclin B1 (polyclonal), cyclin A2 (monoclonal), cdc2 (polyclonal), Myt1 (polyclonal) or phospho H2AX (polyclonal) (1:1000; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA). The membranes were again washed with PBS and then incubated with peroxidase-conjugated anti-rabbit or anti-mouse immunoglobulin G antibody (1:5000 dilution in blocking solution; Santa Cruz Biotechnology, Inc.). The bands were detected by using an enhanced chemiluminescence western blotting detection reagent (GE Healthcare Life Sciences, Stockholm, Sweden).

2.8. Animal and tumor xenograft assays {#s0050}
--------------------------------------

A suspension containing 2 × 10^6^ HCT8 carcinoma cells were implanted into the BALB/c nude mice in the right flank region. The mice in the treatment group were injected 4 mg/kg doses of matrine daily for 21 days while as control and the untreated groups received same volume of normal saline. On alternate days, general characteristics and the body weight for each of the animal was recorded. Tumor volume was also measured using calipers. On completion of the treatment, the animals were sacrificed to extract the tumor mass. Wet and dry weight of the tumor in each of the mice was recorded.

2.9. Statistical analysis {#s0055}
-------------------------

The data expressed are the mean ± standard deviation (SD). Data for three groups were compared using Student\'s *t*-test and analyzed using Microsoft Excel 2010 software (Microsoft Corporation, Redmond, WA, USA). P \< 0.05 was considered to indicate a statistically significant difference.

3. Results {#s0060}
==========

3.1. Matrine inhibits cell viability in HCT8 and HT29 colon cancer cell lines {#s0065}
-----------------------------------------------------------------------------

HCT8 and HT29 colon cancer cells were incubated with 1, 2, 3, 4 and 5 µM/ml concentrations of matrine for 12, 24, 48 and 72 h. The results from MTT assay revealed a concentration and time-dependent reduction in HCT8 and HT29 cell viability on treatment with matrine ([Fig. 1](#f0005){ref-type="fig"}). Although no significant reduction was observed at 1 µM/ml concentration but the effect was significant after 2 µg/ml (P \< 0.05). The viability of HCT8 and HT29 cells was reduced to 24.67 and 29.32% on treatment with 4 µM/ml concentration of matrine after 48 h.Fig. 1Cell viability following matrine treatment. The cells were incubated with various concentrations of matrine (0, 1, 2, 3, 4 and 5 µM/ml) for 12, 24, 48 and 72 h. Cell viability was determined using an MTT assay. HCT8 and HT29 cell lines exhibited a significant reduction in viability, dependent on matrine treatment time and dose. The data are presented as the mean percentage of viable cells ± standard.

3.2. Effects of matrine on cell cycle distribution in HCT8 and HT29 colon cancer cells {#s0070}
--------------------------------------------------------------------------------------

The effect of matrine on cell cycle distribution was analysed using 1 µM/ml concentration after 48 h. The results from flow cytometry showed a significant increase in the population of HCT8 and HT29 cells in G2/M phase at 48 h compared to the untreated control cells ([Fig. 2](#f0010){ref-type="fig"}). The population of HCT8 and HT29 cells in the G2/M phase at 48 h was 77.6 ± 0.3 and 54.0 ± 5.4%, respectively. In control cell cultures the population of HCT8 and HT29 cells was 1.4 ± 0.3 and 2.4 ± 0.7%, respectively at 48 h on treatment with 1 µM/ml concentration of matrine ([Fig. 2](#f0010){ref-type="fig"}).Fig. 2Matrine induces G2/M phase arrest in oral squamous cell cancer cells. HCT8 and HT29 cell lines were incubated with 1 µM/ml concentration of matrine for 48, fixed and stained with propidium iodide, and analyzed for DNA content.

3.3. Effects of matrine on expression of cell cycle regulatory proteins {#s0075}
-----------------------------------------------------------------------

We used western blot assay to analyse the effect of matrine (1 µM/ml) on expression of cell cycle regulatory proteins in HCT8 cells. The results revealed a significant increase in the histone H2AX phosphorylation in HCT8 cells on treatment with matrine compared to the control cells. The expression of Myt1, cyclin A2, cyclin B1 and p53 was increased in HCT8 cells on exposure to 1 µM/ml concentration of matrine for 48 h ([Fig. 3](#f0015){ref-type="fig"}). Matrine treatment also increased the phosphorylation of cdc2 significantly compared to control cells at 48 h (P \< 0.05) ([Fig. 3](#f0015){ref-type="fig"}). Treatment of HCT8 cells with matrine for 48 h reduced the expression level of phosphorylated histone H3 Ser 10 at 48 h (P \< 0.05).Fig. 3Effects of matrine on cell cycle regulating molecules in HCT8 and HT29 cell lines. The cells were treated with 1 µM/ml concentration of matrine and the protein expression levels at 48 h following treatment were examined by western blot analysis.

3.4. Matrine induces apoptosis in HCT8 and HT29 colon cancer cell lines {#s0080}
-----------------------------------------------------------------------

Apoptosis in HCT8 and HT29 cells by matrine was analysed using Annexin-V/FITC-staining after 48 h. The results revealed a concentration and time dependent increase in the proportion of apoptotic cells on treatment with matrine for 48 h ([Fig. 4](#f0020){ref-type="fig"}). The proportion of apoptotic cells in HCT8 cells was found to be 1.23, 11.64, 33.79, 67.52 and 68.23% on treatment with 1, 2, 3, 4 and 5 µM/ml concentration of matrine for 48 h. In HT29 cells, treatment with 1, 2, 3, 4 and 5 µM/ml concentration of matrine induced apoptosis in 2.06, 9.52, 29.32, 68.56 and 69.67% cells ([Fig. 4](#f0020){ref-type="fig"}).Fig. 4Induction of apoptosis in matrine-treated HCT8 and HT29 cell lines. The cells were harvested following 48 h incubation with 1, 2, 3, 4 and 5 µM/ml concentrations of matrine. Apoptosis was determined by staining the cells with Annexin V-FITC and PI labeling. The percentage figure in each window indicates the proportion of Annexin V-FITC positive cells. FITC, fluorescein isothiocyanate; PI, propidium iodide.

3.5. Matrine inhibits *in vivo* colon tumor growth {#s0085}
--------------------------------------------------

The effect of matrine on *in vivo* tumor growth was evaluated in HCT8 cell xenografted nude mice model using the reported protocol (18). Matrine treatment at a concentration of 4 mg/kg daily caused a marked reduction in the growth of HCT8 cell xenograft after 21 days ([Fig.5](#f0025){ref-type="fig"}A). The weight of tumor extracted from the mice with HCT8 xenograft after completion of treatment matrine was significantly lower compared to the control group ([Fig.5](#f0025){ref-type="fig"}B).Fig. 5Inhibition of tumor growth in HCT8 xenograft mice model by matrine treatment after 21 days. The mice were treated for 21 days with 4 mg/kg doses of matrine daily and tumor growth was examined.

4. Discussion {#s0090}
=============

Present study investigates the effect of matrine on viability and induction of apoptosis in colon cancer cell lines and growth of tumor in HCT8 xenograft model. Matrine exhibits inhibitory effect on the cancer growth in gastric carcinoma, rhabdomyosarcoma and breast carcinoma ([@b0030]). The results showed a significant reduction in the cell viability in HCT8 and HT29 colon cancer cells on treatment with matrine in dose and time dependent manner. The effect of matrine on distribution of HCT8 and HT29 cells in various phases of cell cycle was also analysed. Our results showed a significant increase in the population of HCT8 and HT29 cells in G2/M phase at 48 h of matrine treatment.

Progress of cells to various phases of the cell cycle is regulated by the activation of different complexes of the cyclin and cyclin-dependent kinases. Studies have demonstrated that regulation of G2/M phase is associated with cyclin A- and cyclin B in combination with cdc2 as the activation of cdc2 Tyr 15 leads to inactivation of cdc2/cyclin B complex in G2 phase ([@b0060], [@b0010], [@b0050]). Current study demonstrated a significant increase in the expression of Myt1, cyclin A2, cyclin B1 and p53 in both HCT8 and HT29 cells on exposure to matrine for 48 h. Matrine exposure also increased the phosphorylation of cdc2 significantly compared to control cells at 48 h (P \< 0.05). It is reported that histone H2AX phosphorylation is an important checkpoint in the cells for entry to the mitosis ([@b0080], [@b0085]). Our results showed that matrine treatment promoted the activation of histone H2AX in HCT8 and HT29 cells after treatment for 48 h. The results from the present study induction of apoptosis in colon cancer cells in a concentration and time dependent manner on treatment with matrine for 48 h.

In conclusion, the present study demonstrated that matrine inhibits viability and induces apoptosis in colon cancer cells and inhibits tumor growth in tumor xenograft mice model. Thus matrine can be used for the treatment of colon cancer.
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